Reichardia tingitana is an annual plant growing in different habitats of the Egyptian deserts. Little is known about variation among the habitats occupied by this species, its distribution, chemical composition, and allelopathic activity. The present study aimed to (a) assess the vegetation composition of three different habitats (Western Coast, Delta Coast, and Wadi Hagoul) of R. tingitana in Egypt, (b) determine their correlation to soil factors, (c) identify the changes in the bioactive constituents of R. tingitana in the three regions, and (d) evaluate the allelopathic activity regarding the variation in the habitat. Density and cover of all plant species associated with R. tingitana were estimated within 52 plots, representing three regions. Physical and chemical parameters of soil were analyzed in each plot. R. tingitana aboveground biomass was collected from each habitat, and the bioactive composition was analyzed using HPLC. The allelopathic effect against two weeds (Amaranthus lividius and Chenopodium murale) was assessed. The floristic composition showed the presence of 133 species belonging to 27 families. In the Delta Coast habitat of R. tingitana, Zygophyllum aegyptium and Calligonum polygonoides co-dominate, while Lycium shawii dominate the Western Coast habitat and finally the habitat of Wadi Hagoul was dominated by Haloxylon salicornicum. Soil analysis revealed little variations among habitats, especially salinity and organic matter. Fifteen compounds, mainly phenolics (60% of the total identified compounds) were identified from all R. tingitana samples. The major compounds were quercetin, naringenin, ellagic, gallic, chlorogenic, and caffeic acids. These compounds varied in diversity or quantity among different habitats. The Western Coast sample was the richest in species, followed by Delta Coast sample. Our study showed that salinity is the crucial factor that induces the production of bioactive constituents in R. tingitana, especially phenolics and flavonoids. The R. tingitana extracts significantly reduced the germination and growth of Chenopodium and Amaranthus. However, the Western Coast sample showed potent allelopathic activity, where the germination was wholly inhibited at 75 mg L À1 and 50 mg L À1 , respectively. Thereby, this extract could be used as eco-friendly bioherbicide and may be integrated into weed control strategies.
Introduction
Chemical ecology is the science addressing the role of chemical interactions between organisms and their environment. It includes signaling processes and communication between individuals (Baldwin et al., 2002) . For example, after herbivores attack, the plant generates volatiles that attracts carnivorous insects that kill plant enemies (Takabayashi and Dicke, 1996) . Also, infected plants can produce a signal that induces the immune system of healthy members (Baldwin et al., 2006) . These chemicals that are produced by plants to either inhibit or stimulate others are called allelochemicals, and the phenomenon is known as allelopathy (Rice, 1984) . The production of these compounds depends on the activa- tion of specialized genes and is often depends on environmental conditions, such as climatic and edaphic factors (Buchanan et al., 2015) .
Allelopathy plays a crucial role in the dynamics of plant species in different environments. Understanding this biological phenomenon could help in the development of applications in both natural and agricultural systems (Wardle et al., 2011) . Environmental factors of any habitat can directly or indirectly affect the allelopathic potential of a plant. The most critical ecological factors that influence allelopathy include temperature, water content, salinity, nutrient availability and competition stress (Elshamy et al. 2019; Meiners et al., 2012) .
Asteraceae or Compositae is one of the largest families of the flowering plants and has worldwide distribution. Most of the family members are herbaceous although a significant number of shrubs, vines, or trees belong the family. In the flora of Egypt, Asteraceae is represented by 98 genera and 228 species (Boulos, 2009) . Plants under this family have been widely utilized in the past and are still used today for their medicinal properties. Members of Asteraceae have been reported to possess many biological activities including antibacterial, antifungal, antidiabetic, antihelminthic, immunostimulatory, and anticancer activities (Cazella et al., 2019; Salazar et al., 2018; Sharma et al., 2018) .
Only two species of Reichardia genus were recorded in the flora of Egypt, R. picroides (L.) Roth and R. tingitana (L.) Roth. The latter is a glabrous annual herb growing wildly in the coastal and inland desert of Egypt. The stem branches from the base, the plant reaches up to 40 cm with the taproot, which gives rise to the rosette of large radical leaves first, and its flowering time extends from March to May. Preliminary phytochemical examination on aboveground biomass shows the presence of phenolics, tannins, flavonoids, coumarins, volatile oils, glycosides, flavonoids, lactones, esters, large amounts of sterols and/or triterpenes (Abdel-Mogib et al., 1993; Recio et al., 1992) .
Aqueous extract of R. tingitana was reported to inhibit the germination and growth of Bidens pilosa, but the specific bioactive compounds were not determined (Abd El-Gawad et al., 2015) . Moreover, little is known about the allelochemicals of R. tingitana, and according to our knowledge, no study had revealed the correlation between the habitats of R. tingitana and their bioacive composition as well as alleopathic activity. Therefore, we test the hypothesis that variations in R. tingitana habitats promote changes in the chemical composition of the plant and in consequence affect its allelopathic activity. The specific objectives of this study were to (i) determine the variations in the vegetational composition and soil factors among three different habitats of R. tingitana in Egypt, (ii) identify and compare the variation in the bioactive compounds of R. tingitana aboveground biomass from these three habitats, and (iii) evaluate the differences in R. tingitana allelopathic activity among three regions.
Materials and methods

Study areas
The study areas can be categorized into two sections: the first is the coastal desert which is represented by two regions; Western Coast and Delta Coast, while the second is the inland desert which is represented by Wadi Hagoul (Fig. 1) . The Mediterranean coastal desert of Egypt can be classified into three sections: western, delta, and eastern sectors. The Western Coast extends eastwards from AlSallum to Abu Qir for about 550 km with a width of about 20 km, constituting the northern coast of the Western Desert of Egypt. The meteorological data (average of >10 years, from 2000 to 2013) of Sidi Abd El-Rahman station showed that mean annual temperature ranges from 14.39 to 25.50°C, while average annual rainfall was about 192.1 mm per year. The average relative humidity was up to 66.9%. The Delta Coast is characterized by the presence of three shallow lakes, receiving the main bulk of the drainage water from the Nile Delta. This sector extends from Abu Quir to Port Said with a length of about 200 km. The metrological data of Baltim station revealed that the mean annual temperature ranges from 17.3 to 24.0°C, the average annual rainfall was about 175.2 mm per year, and the mean relative humidity was approximately 57.7%.
On the other hand, Wadi Hagoul is a drainage system occupying the valley depression between Kahaliya ridge to the south and Gebel Ataqa to the north at the Northwestern part of Gulf of Suez. The area of the wadi is 345 km 3, and its main channel extends for 35 km, where it receives water through the running channels from both sides. The wadi extends in a southeast direction toward the Gulf of Suez, crossing limestone beds of the Miocene (Zahran and Willis, 2009 ). Wadi Hagoul exists in the Eastern Desert, which is characterized by the arid climate. According to the meteorological data of the nearest station (Suez city), the climate is arid and dry, where the mean annual air temperature ranges from 10 to 38°C. Rainfall is scarce with 34.3 mm as yearly average, while the relative humidity is 54.4%.
Vegetation analysis
Fifty-two plots were selected to represent the three habitats (Western Coast, Delta Coast, and Wadi Hagoul) of R. tingitana. The area of the plot was 100 m 2 , estimated according to the minimal area. Within each plot, the density and cover of all species associated with R. tingitana were determined (Canfield, 1941; Shukla and Chandel, 1989) . The importance value out of 200 was calculated for each species based on the relative density and cover in each plot. The taxonomic nomenclature, identification, and chorotype of plant species were assessed according to Boulos (1999 Boulos ( -2005 and Tackholm (1974) . However, life forms were identified according to the scheme of Raunkiaer (1937).
Soil analysis
In each plot, composite soil samples (20 cm depth) were collected, packed in polyethylene bags and returned to the laboratory. The samples were dried in the air at room temperature (25°C ± 3), sieved through 2 mm sieve to remove any contaminants, and packed in bags till further physical and chemical analyses. Soil particle size, water holding capacity (WHC), soil porosity, organic carbon, and sulphate were determined according to Piper (1947) . Chlorides and calcium carbonate contents were determined according to Jackson (1962) . Soil pH and electrical conductivity (EC) were measured in water suspension (1:2.5) as described by Jackson (1962) . Carbonates and bicarbonates were determined by titration using 0.1 N HCl (Pierce et al., 1958) . The extractable cations Na + and K + were determined by flame photometry (PHF 80B Biologie Spectrophotometer), while Ca +2 and Mg +2 were estimated using atomic absorption spectrometer (A Perkin-Elmer, Model 2380.USA) according to Allen et al. (1974) .
Plant materials preparation and extraction
The above ground biomass of R. tingitana from five plants was collected from each habitat in a plastic bag and mixed as composite sample. To avoid bias, all the three habitats were sampled at the flowering stage in March and plant individuals were chosen to be of similar size. The samples were dried in room temperature (25°C ± 3), ground and packed in paper bags. About 200 g of the prepared samples were mixed with one liter of aqueous methanol (70% v/v) and shaken well for 12 h. The suspensions were then cen-trifuged at 2395 g for 10 min, and evaporated till dryness under rotary evaporator. The residues were collected in a glass vial till further analyses.
HPLC analysis
The extracted samples of the three Reichardia habitats were analyzed by HPLC. The analysis was accomplished using an Agilent 1260 series. The separation was carried out using a C18 column (4. 6 mm Â 250 mm i.d., five lm). The mobile phase consisted of water (A) and 0.02% trifluoroacetic acid in acetonitrile (B) at a flow rate of 1 ml min
À1
. The mobile phase was programmed consecutively in a linear gradient as follows: 0 min (80% A); 0-5 min (80% A); 5-8 min (40% A); 8-12 min (50% A); 12-14 min (80% A) and 14-16 min (80% A). The multi-wavelength detector was scrutinized at 280 nm. The injection volume was ten ll for each of the sample solutions, and the temperature of the column was sustained at 35°C.
Allelopathy bioassay 2.6.1. Weed seed source and preparation
To test the allelopathic activity of the three collected Reichardia samples, we targeted two weeds; one infesting the cultivated field in the winter season (Chenopodium murale, hereafter; Chenopodium) and the second one growing in summer season (Amaranthus lividius, hereafter; Amaranthus). The seeds were collected from several healthy plants that grow in cultivated land in Manzalla city, Al-Dakahlia Governorate, Egypt (31°07 0 08.4 00 N 31°51 0 56.5 00 E). Ripe and uniform seeds with almost of the same size and color were surface-sterilized using 0.3% NaOCl, by immersion for three minutes, then rinsed by sterile distilled water three times, dried on sterilized filter paper, and kept in sterilized vials until further use (Sampietro et al., 2009 ).
Experimental design of bioassay
For the preparation of plant extracts, different concentrations of 2.5, 5, 10, 25, 50, 75 and 100 mg L À1 of the above-mentioned residues were achieved using dimethyl sulfoxide (DMSO). Also, control treatment was achieved by DMSO. Twenty seeds of each weed were placed in 9 cm Petri dishes lined with sterilized Whatman No. 1 filter paper. The filter paper was moistened with 5 ml of each concentration and DMSO as control, in triplicates. To avoid contamination, the Petri dishes were sealed with parafilm and incubated in the growth chamber at 24°C and 28°C for Chenopodium and Amaranthus, respectively (Sampietro et al., 2009) . A total of 144 plates [8 treatments (7 concentrations + control) Â 3 samples (regions) Â 2 species of weed's seeds Â 3 replicates] were obtained. After eight days for Chenopodium and ten days for Amaranthus, the germinated seeds were counted, and the radicle lengths were measured per each plate. The inhibition of germination, and root growth was calculated, concerning control, as follows: where Pi = ni/ N = proportional abundance of species, i in a habitat made up of s species, ni = the number of plots containing species i and N = S ni.
On the other hand, the data of both soil analysis and allelopathic bioassays were subjected to one-way ANOVA followed by Duncan's post hoc test at probability level 0.05 using CoStat software program (CoHort Software, Monterey, CA, USA). Also, the data derived from HPLC analysis of the three samples were subjected to an agglomerative hierarchical cluster (AHC) and principal component analysis (PCA) to construct a matrix of correlation and to recognize whether a significant difference exists between different treat- ments. AHC and PCA were performed using XLSTAT statistical computer software package, version 14 (Addinsoft, New York, NY, USA).
Results and discussion
Vegetation composition and soil factors of the three R. tingitana habitats
The floristic analysis of the present study showed that the total number of the recorded plant species is 133 species (64 annuals, three biennials, and 66 perennials) belonging to 105 genera and related to 27 families. The most abundant families were Asteraceae comprising 24 species, followed by Poaceae (22 species), Chenopodiaceae (13 species), Fabaceae (12 species), and Brassicaceae (10 species). However, other families were represented by a few species (Appendix 1). These families were also reported as major families in most of the researches within the same phytogeographical region (Abd El-Gawad and Shehata, 2014; El-Amier and Abd ElGawad, 2017; Shaltout et al., 1995 Shaltout et al., , 2015 Zahran et al., 1990; Zahran and Willis, 2009 ). According to Raunkiaer (1937) , therophytes were the most represented life form (50.38%), followed by chamaephytes (21.80%), hemicryptophytes (12.78%), geophytes (6.77%), and nanophanerophytes (6.02%). However, helophytes, parasites, and phanerophytes were represented by one species only (Appendix 1). The prevalence of therophytes over the other life forms could be attributed to the short life cycle that enables them to resist the instability of the habitat, topography variation and biotic influence. Moreover, therophytes were estimated by 50.3% for the whole Egyptian flora compared with 58.7% for the Mediterranean region and 59.4% for Egyptian Nile region (Ḥasib, 1950) .
The habitat of R. tingitana in the Delta Coast
Within the habitat of R. tingitana in the Delta Coast, 66 plant species were recorded (35 annuals, two biennials, and 29 perennials) inhabiting 17 plots that were co-dominated by the halophytic plants; Zygophyllum aegyptium and Calligonum polygonoides. This habitat has average Shannon-evenness value of 0.80 and Simpson diversity value of 0.95 (Table 1) . The most important associated annual species (have relatively high importance values) linked to this habitat were Hordeum murinum, Senecio glaucus, Cakile maritima, Mesembryanthemum crystallinum, and M. nodiflorum. The soil analyses of this region showed that it was characterized by significant high levels of sand, salinity, soil pore spaces, pH, SO 4
2À
, and HCO 3 -, while cations except Ca 2+ were detected in low concentration (Table 2) . No bicarbonates were detected. The northern coast of the Nile Delta of Egypt is mainly characterized with halophytic vegetation as it is affected with the Mediterranean Sea as well as the three shallow lakes of this coastal area that receive the main bulk of the drainage water from the Nile Delta (El-Amier and Abd El-Gawad, 2017; Zahran and Willis, 2009) . Therefore, the perennial halophytes are common in this site of study, however, there were also a significant number of annuals which corroborated to the presence of sand dunes that distributed along the shoreline of the delta (El Banna, 2004) . The sand dune habitat is characterized by its rich seed bank (Yu et al., 2007) . It is worth mentioning here that many studies recorded the C. maritima as a common plant in this area (Abd El-Gawad and Shehata, 2014; ElAmier and Abd El-Gawad, 2017; Zahran et al., 1990) . Plants of Fabaceae family tended to persist in soil rather than those of other plant functional groups, where their seeds have strong testa (Yu et al., 2007) . Moreover, Abd El-Gawad and Shehata (2014) reported that M. crystallinum (important species in the present study) survives well in sandy dune habitats and tolerates the high content of salinity along the Nile Delta Coast. Also, H. murinum, S. glaucus, and M. nodiflorum were reported as predominant species in similar habitats.
The habitat of R. tingitana in the Western Coast
The floristic analysis of R. tingitana habitat at the Western Coast revealed the dominance of Lycium shawii within 19 plots. Also, this habitat attained the highest number of species (69 species; 38 annuals, two biennials, and 29 perennials) as well as the highest diversity, where it has average Shannon-evenness value of 0.87 and Simpson diversity value of 0.96 (Table 1) . The other important associated species were S. glaucus, Bromus diandrus, Suaeda pruinosa, M. nodiflorum, Cyondon dactylon, Emex spinosa, and Malva parvifolra. The community structure of this site has some important halophytes such as S. pruinosa and M. nodiflorum as well as some common associates with halophytic vegetation such as S. glaucus, B. diandrus, C. dactylon, E. spinosa, and M. parvifolra (Table 1 ). This reflects the salt-affected habitat in this site where the soil composition is characterized by high EC (1.84 mS cm (Table 2 ). This result is in consistency with other studies related to the vegetation structure of this area (Shaltout et al., 1995 (Shaltout et al., , 2015 . The Western Coastal belt of the Mediterranean Sea is the wealthiest part of Egypt in its floristic composition due to its relatively high rainfall (Tackholm, 1974) . However, most of these species are therophytes (annuals) that flourish during the rainy season.
The habitat of R. tingitana in Wadi Hagoul
The vegetation analysis of the inland desert region (Wadi Hagoul) revealed the dominance of perennials (63 species; 28 annuals, one biennial, and 34 perennials), where the woody bush plant, Haloxylon salicornicum dominate this habitat. In this context, the dominance of perennials is typical in the desert habitat, where these plants have well-adapted strategies against drought, while the other small plants cannot compete with them (Zahran and Willis, 2009 ). In addition, this habitat has an average Shannonevenness value of 0.86 and Simpson diversity value of 0.96 (Table 1) . The other important associated species were desert plants including; both perennials (Launaea nudicaulis and C. dactylon) and annuals (Bassia muricata, Diplotaxis harra, Erodium laciniatum, Z. simplex, and S. glaucus) that flourish during the rainy season. The soil of the plots representing this region is characterized by high content of CaCO 3 , HCO 3 -and Ca 2+ and moderate levels of pH, EC, Na + , and K + (Table 2) . These results are in congruence with previous studies of the vegetation of different wadis in the Egyptian deserts (El-Sharkawi et al., 1982; Mashaly, 1996; Zahran and Willis, 2009 ).
Bioactive composition of the three R. tingitana samples and their correlations to soil variables
Fifteen compounds were separated and identified from aboveground biomass of R. tingitana collected from the three regions through HPLC analysis (Table 3) . These compounds are mainly phenolics (60.0%), while flavonoid compounds come as second rank (26.7%). The identified compounds varied either in the diversity or quantity between the three samples of the R. tingitana. Western Coast sample was the richest sample, followed by Delta Coast sample and finally Wadi Hagoul sample.
Caffeic acid, cinnamic acid, coumaric acid, ellagic acid, gallic acid, propyl gallate, and quercetin were identified in the samples of R. tingitana in the three regions with significant variation in the quantity. However, chlorogenic acid, daidzein, ferulic acid, naringenin, and syringic acid were identified in two regions, while catechin, vanillin, and rutin were only detected in the Western Coast sample (Table 3) .
The R. tingitana sample collected from Western Coast attained the highest significant values of constituents compared to the others two samples (Delta Coast and Wadi Hagoul), where quercetin, ellagic acid, gallic acid, chlorogenic acid, naringenin, and caffeic acid are the major compound in this sample. On the other hand, quercetin was detected as major compound in deltaic coast R. tingitana sample, while quercetin and ellagic acid attained the highest concentration in the sample of the Wadi Hagoul. The accumulation of active secondary metabolites could be ascribed to the influences of multiple environmental factors on the wild plant during developmental and growth periods in addition to genetic factors. Certain compounds are synthesized, and their concentration significantly increase under specific environments (Liu et al., 2015) .
The environmental stress factors (light, temperature, soil water, soil fertility, and salinity) eventually lead to changes in overall phytochemical composition which thereby play a strategic role in the generation of bioactive compounds (Yang et al., 2018) . This is considered as plant behavior that improves the adaptation and survival in response to the harsh environment as well as enhances the immune system of the plant against herbivores and pathogens (Pellissier et al., 2016) .
To evaluate the correlation between the different studied habitats and their content of bioactive compounds derived from HPLC analysis, we subjected the data to PCA and AHC. The sample of R. tingitana collected from the Western Coast region was not correlated to the other two samples, which reflect the variation of the chemical composition (Fig. 2a) . However, the samples of Delta Coast and Wadi Hagoul were correlated to each other. On the other hand, the application of AHC reflected the same conclusion, where we can classify the samples into two groups; one comprising the Western Coast sample and the other group contained the samples of Delta Coast and Wadi Hagoul (Fig. 2b) . Launaea nudicaulis (12.44 ± 1.08) Cyondon dactylon (9.49 ± 0.81) Bassia muricata (9.34 ± 0.96) Diplotaxis harra (9.23 ± 0.82) Erodium laciniatum (7.45 ± 0.47) Zygophyllum simplex (7.45 ± 0.64) Senecio glaucus (7.28 ± 0.53) Reichardia tingitana (6.77 ± 0.18) * Values are means ± standard variation. The different letter within each row means values with a significant difference after Duncan's post hoc test (P 0.05). LSD 0.05 : least significant difference at a probability level of 0.05.
From the PCA analysis, it was clear that quercetin was the main compounds that showed a close correlation to the Delta Coast sample, while it showed a little bit correlation to Wadi Hagoul sample.
This mean that it is considered as an indicator compound in the studied R. tingitana samples. On the other hand, ellagic acid showed a low correlation to the Western Coast sample and did not show any relationship to either Wadi Hagoul or Delta Coast samples. The other compounds showed the same correlation to all samples. Flavonoids play an essential role in several arrays of plant life such protection against pathogens, insect attraction, pollination, and allelopathy (Winkel-Shirley, 2001 ). Moreover, under biotic and abiotic stresses, reactive oxygen species (ROS) are generated in the plant cells, and in consequence, flavonoids induced in the plant to scavenge ROS (Baskar et al., 2018; El-Shora and Abd ElGawad, 2015a, b) . Therefore, the higher concentration of quercetin in the R. tingitana sample from Western Coast region could be ascribed to the high salinity, where quercetin produced as a protecting agent in plants against oxidative stress.
From the other side, caffeic acid, cinnamic acid, coumaric acid, ellagic acid, gallic acid, and propyl gallate were also reported to be induced under salinity stress (Colla et al., 2013) , therefore we can say that the higher the content of phenolics in the samples from the Western Coast could be attributed to the salinity level. A compound like ellagic acid has the ability to alleviate the osmotic stress (Abu El-Soud et al., 2013) , therefore the higher content of ellagic acid in the samples of R. tingitana from the Western Coast habitat could be considered as a strategy of the plant to cope with salt stress, while for the sample of Wadi Hagoul it could be like a defense against the drought. Our study showed that the salinity, organic matter, and macro-elements (Na ) may be the crucial factors that induce the production of bioactive constituents in R. tingitana, especially the phenolic acids and flavonoids.
Allelopathic activity of the three R. tingitana samples
The allelopathic effect of various extracts of R. tingitana aboveground biomass collected from three different regions (Delta Coast, Western Coast, and Wadi Hagoul) on germination of Chenopodium and Amaranthus was illustrated in Fig. 3 . In general, R. tingitana extracts from all regions significantly (p 0.05) reduced the germination of Amaranthus more than Chenopodium (Fig. 3) treatment, and the degree of inhibition of plant extracts increased with increasing concentration (Fig. 4) for Western Coast, Delta Coast, and Wadi Hagoul R. tingitana extracts, respectively. Generally, the extracts from the R. tingitana collected from the Western Coast revealed more allelopathic effect against the tested plants than the samples from Delta Coast or Wadi Hagoul regions. This activity might be attributed to the higher concentrations of phenolics and flavonoids reported in this sample. Phenolic compounds, especially quercetin, ellagic acid, gallic acid, chlorogenic acid, caffeic acid, and naringenin have been reported to possess various biological activities. Moreover, the bioactive ingredients enable the plant to face or survive in the variable stressful conditions, and they are considered as an important part of the plant defense system against pathogenic attacks and environmental stresses (Yang et al., 2018) . In addition, most of the identified compounds in this sample were reported as allelochemicals (Inderjit, 1996; Li et al., 2010) . Phenolics and flavonoids were reported as defense compounds against herbivores and pathogens such as bacteria and fungi (Agrawal, 2007) . Quercetin and naringenin were reported as the most often cited allelopathic flavonoids (Berhow and Vaughn (1999) ). Naringenin was reported to inhibit the growth of soybean (Bido et al 2010) . These bioactive compounds might play a role in the allelopathic activity of R. tingitana either singular or in a synergetic manner.
Conclusion
The vegetation analysis of the three habitats of R. tingitana within three different regions (Western Coast, Delta Coast, Wadi Hagoul) revealed a significant variation in the vegetation composition as well as soil variables, while salinity, organic matter, and macro-elements (Na + , K + , and Mg 2+ ) were the most controlling factor. Fifteen identified secondary compounds were determined using HPLC, where they are varied in the diversity and quantity between the three samples of the R. tingitana. Western Coast sample had the highest number of the bioactive compounds, followed by Delta Coast sample and finally Wadi Hagoul sample. Therefore, we can say that R. tingitana extract from the same species but from different conditions caused different allelopathic (inhibitory) effect, and this supposed to be related to the variation in the bioactive constituents. Our study showed that the salinity is the key factor that induce the production of bioactive constituents in R. tingitana, especially the phenolic acids and flavonoids as well. The R. tingitana methanol extract, especially Western Delta sample, showed potent allelopathic activity against Chenopodium and Amaranthus, where the germination was utterly inhibited at a concentration of 75 mg L À1 and 50 mg L
À1
, respectively. Therefore, these extracts could be used as a green source, eco-friendly bioherbicide and to be integrated into the weed control program of weeds. However, further study is needed for characterization of the specific allelochemical(s), evaluation the modes of action, and the biosafety. Also, further study is needed to confirm the mechanism(s) of salinity to induce the bioactive compounds.
